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LIST OF SYMBOLS AND TERMS

acf m cubic feet per minute at ambient conditions

scfm cubic feet per minute at standard conditions of
14.7 psia and 70 ' F, 1 scfm=26.29 slpm

ata atmospheres absolute

psi- lbs per sq. in. absolute

psig lbs per sq. in. gauge

psid lbs per sq. in. differential

psiob lbs per sq. in. over bottom pressure

RMV respiratory minute volume

lpm liters per minute at ambient conditions

alpm liters oer minute at ambient conditions, same as 1pm

slpm liters per minute at standa;rd conditions of
14.7 psia and 01C, 26.29 slrm = 1 scfm

cc cubic centimeter

scc cubic centimeters at standard conditions of
14.7 nsia and 00 C

cm H 2 0 centimeters of water pressure

b•p differLAitial pressure

free
volume free air space within a boundary

upper
volume the volume of a breathing bag/diaphragm system

above which small increases in volume recuire
large •.ncreases in Ap relative to outside ambient
pressure

loser
vulume
limit the volume of a breathing bag/diaphragm system

below which small decreases in volume require
large negative incre:-,es in Ap relative to outside
nmbient pressure

AV change in volume

UBA underwater breathing apparatus



I. INTRODUCTION

The purpose of this protocol is to outline the general

procedures and equipment to be used by EDU personnel in the

evaluation of semi-closed circuit and closed circuit underwater

breathing apparatus.

This pro"ocol has been written in terms as general as

possible consistent with clear understanding. It is not in--

tended to be a step-by-step procedure which can be applied

directly to the testing of a given peice of diving apparatus.

Such a procedure would very quiickly become out of date. It is

rather intended as a detailed guide with which the Project

Engineer can plan the evalualtion of the apparatus to be tested.

The quantities to be measures and controlled are specified for

each type of test. The basic test eauipment required is out-

lined along with the considerations governi,,g its set-uu, cali-

bration arid use. Typical test conditions and datra iandling re-

quirements are also outlined for each type of test. With only

a basic understanding of modern instrumentation and testing

techniques, a Project Engineer should be able to readily make

the detailed decisions necessary to apply this protocol to a

specific piece of diving equipment.

The procedures outlined herein are concerned principally

with evaluation of the functional 2erformance of the diving

apparatus being tested. No effort has been made to include

.pecific material tests such as abrasion tests, salt spray tests,

air-drop tests, etc. Those tests are very involved, very speci-

fic, and vary greatly with the system t-o be tested. They also,

--1--



for the most part, require equipment and facilities not avail-

able at A'AVXDIVINGU. Cc %quently they are considered outside

the scope of this protocol.

If ma.erial adequacy tests are to be performed, U.S. Army

Material Test Procedure 8-2-113 for Self-Containrkd Air and Oxy-

gen Breathing Apparatus (1) contains most of the material tests

that would be required. NTP 8-2-113 is, however, written for

surface breathing apparatus (gas masks, dust masks, fire fighters

breathing apparatus, etc.) and does not contain the material

tests specific to underwater operation. The principal tests

missing are those pertinent to MIL-STD-MS 33586 for dissimilar

metals and MIL-STD-167 for a salt water spray.

Also, no effort has been made to include specific reliabi-

litv and jnaintinahili$-'y '~tx~s. Theso - atzCre--l--0- Le-

during the traditional Techeval/Opevai cycles. Considerable

insight into the reliability and maintainability of the appara-

tus tested will, however, be gained as a result of the tests de-

scribed he.-ein.

The tests outlined here.in have been kept as simple as

possible. h'xperience has shown that it is usually faster and

more reliable to run a number of small tests where no more than

two or three major variables are measured at one time than it

is to do everything all at once.

-2-



IN. DE.CRIPTION OF THE EQUIPMUNT TLSTED

A. Serial Numibers

It is critally important that the piece of diving apparatus

be positively icientified. Most underwater breathing apparatus

have serial numbers. Find the ser:ial number (a call to the

manufacturer may be necessary to find where to look), and re-

cord it. All data sioets used with the UBA will need the UBA

serial numicer. If the UBA does not have a serial number, give

it one.

B. P notorap•s

1. Lquibuh.1•nt 'xcsted

Photogralph tne apparatus to ue tested from all

appromLfiate angles. Usually thuse will include at least both

sides, front, and rear. A15;n; ta'e Several ',ct"os of a

•res_ irn thc uep~ratu.. £ ,.ppr:priate, disassemble the

apparatus and take picturep of the individual components.

Take all photoqg9aphs against a white background.

Place a dark-bordered white placard so that it appears in the

lower right-hand corner of the picture, giving the following

iinformation: manufacturer trade name; view (front, back, right

side, left side, op or bottom, etc.); month and year. For any

close-ups of the apparatus, place a 12-inch ruler so that it

appears across the bottom center of the picture. For 1.ong

shots of the apparatus, do not include a ruler.

2. The Test Equipment

Photographs of the UBA as it- is rig,:d for the various

4 tests described herein are very helpful when report writing

,• . .... , I I I I I I I3



time arrives. Representative pictures should be taken of all

test set-ups described, both with and witnout the UBA in place.

C. Physical Description

1. Material Description

A written description of tne apparatus tested is

essential, it must include a description of the overall

apparatus configuration, 1-ne materials of ccnstruction, valve

types and sizes, method of attachment to the diver (jocking

system), conumunications arrangements, and any special features0

Also to be detailed are the size, shape and absorbant capa-

citY (in pounds) of tL._ CO2 absorbant canister, and the capa-

cities (in scf), working pressures, shapes and methiods of

attachment of all gas storage bottles. Usua]ly the manufac-

turer's own literatulre will bhe 4-f-ic-nt- 1oe.•_ i it

not, a description must bu generated which meets the above re-

quirements.

If possible, obtain explodý.d drawings of the -ppara-

tus from the manufacturer.

2. Size

i1easure the overall size in inches. Include any

projections. Record overall length, width. and thickness,

specifying the points of measurement. Record the size and

shape of all display assemblies.

3. Weight

Measure the overall weight of the apparatus in air.

Include all attachments. Record the apparatus weight with

--4--



all bottles first empty, then charged to their maximum working

pressure.

Record the individual weights of all disp.3ay unLts.

4. Buoyancy

Measure the buoyancy in pounds and ounces, either

positive or neqative. Before checking the cylindcer pressures,

be sure that they have reached rctom temperature. Then record

the buoyancy in room temperature fresh water under the follow-

ing conditions:

C'. Cylinder filled, canister filled with fresh
Cry Baralyme, breathing bags or diaparagm
Fully inflated.

b. Cylinder filled, canister fi.lled witi-, fresh,
dry i3aralyme, breathing oags or diaphragm as
empty of air as it is F sible to get them
without damage.

Also measure separately the Duoyancy, positive or

negative, of all display units such as wrist or chest displays.

II

-- 5--



III. PERiFCNIMIAN~CE TtESl''.

A. B3encoTests

1. *Prtessurc. tc3c ail cyli nders t~o their maximumt ratid
pressure.

2. LDi-assemid le entire r--e (regulators, valves, canzis-
ters, meuthipic-eetc.) , and check for any burrs,
forel'gign [atter. imbieddrd, crticks arid rough tourf aces.
Nocte any cf t..cse arid any dissimiilar metals ds per
M IIL-STD-M.1; 33505. Note any ditficulties encountered
;n ei ther di_ýassernbl- or ro-asseirna ly. Not-e any'
special. or unusual tools req'uired.

3. Tecst all reiief and low pres.s.u~re valves to their
designated pit*'ssure.

4. After 1, 2, anrd 3 -iav(: been completed, submerge
entiie( rig, fully ch~irged, and chleck for leaks.

5. Tes t t -ne testinpq equipment turniLshed by contractors.

6. hsave subject put on fully charged rig and walk about.
Determine from suoject: comfort, pressure points,
ease and ab)ility to move about, and to walk erect.

B. Pressure Volume(Compliancel'"haractoristicrs

1. Background

All types of closed circuit and semni-closted circuit

underwater ibreathing apparatu-3 h-ave a glas storage device or

"Itcounter-lung" somewhere in their design. Tne purpose of the

"Iscounter-lung" is to receive the diver's exhaled gas arid stc_,ro

it at tne ambient pressure so that it may be re-itiialed again

at the proper time. The "counter-lung" designs most commonly

used are breathing bags. Displacement diapliragms (a very

low differential pressure version of a hydraulic accumulator)

are also u:;ed.

For the Purposes of this test protocol, thie qviantity

"base pressure" will be defined to meain the pressure that exi-sts

in the respiratory circuii- %,hen thiere is no respiratory flow



in the system. The base pressure in a breathing bag system

i.s roughly equal to the external hydrostatiC pres• ire at the

level of the collapse plane of the breathing bags. In a dia-

phragm system, it is roughly equal to the nydrostatic pressure

at the centerline level. of the diaphragm.

In almost all systems, the base pressure will change

with the inflation le of the breathing bags or the fill

level of the diaphrag This pressure-change represents a

form of resistance to breatihing known as an elastic resistance.

If severe enough, it can cause the apparatus to faAl the

ureathing resistance standards, (see LDU report 19-73).

The purpose of this section is to deterrmine the

pressure-volume characteristics of the apparatus under test.

The volume change per unit pressure change for the UBA is

known as its respiratory "compliance". It is desirable that.

the compliance be as hign as possible.

Also to be measured in related tests conducted under

this section are the base pressures at which the UBA pop-off

valve lifts, the base pressure at which the diluent add valve

(if any) actuates, and the maximum flow rates of ali purge

valves and by-pass valves.

2. Quantities to ue Measured:

a. Mouthpiece (or oral-nasal) pressure re selected
referenc' pressure

b. UBA and mask position on test manikin (measure
in sufficient detail so that the USA and mask
could be removed and replaced in exactly the
same position

c. Pressure at which the UBA exhaust (pop-off)
valve lifts

-7--
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d. Pressure at which the diluent add valve
actuates (closed circuit UBA only).

e. Maximum flow rate attainaile through all
by-pass and/or purge valves.(If these valves
are located in the system so that the flow
across them is always sonic regardless of
the test d&ch, as is the case for most UBA,
then the maximum by-pass/purge flow rates
need De measured only at the surface. Other-
wise, they must be measured at each test depth.)

3. Quantities to be controlled:

a. Amount of gas added to and withdrawn from
the mouthpiece or oral-nasal

b. UBA and mask position on the manikin

c. Setting of exhaust or "pop-off" valve

d. Supply pressure to the UbA

e. Supply gas mixtures

f. Manikin orientation

g. UBA tested wet or dr',

Ii. Temperature

i. Depth

4. Equipment

a. Specialized equipment required

I) Large graduated syringe, preferably
about 2 l iters

2) 3-way valves and plumbing as shown in
Figure 1

3) Test manikin and wet testing box

4) Differential pressure transducer and
transducer indicator, 1 psid

5) Flowmeters (2), approximate sizes, 1.0
and 8.4 scfm air at 70*F. and 14.7 psia
with a minimum working pressure of 600
psig

--8--



N"o supply

Gauage93

0-3000 pea

r lo'. ter Flowaetoe
Low Volume HAgh Volume

Nabk at ICuthiatco

Gouge 04
0-600 .-

Jouthpiece Pressure

T"feronce Tube

Gauge 02 -
As Appropriat-
0-200 or 0-600 tr.- z-.,

Volidyii CD-12 VT equal

equael

Weter side reference tube; ast be filled

with %bater. Note: transducer d1ophLam
UDA at *val of 40etrod refe.m:.- preesure

as large a. possible.
2 litero pieferred Al.

BDU Wfet-6a
Tlotingi

.addiae or Withdravieg air dependive

on ho" 3-ay volvea are aet.

l-Vay Volveo, fiu directios -

3-Voy Volve. conLaaiiotg
ports indicated by ariovm

Figure I
Test Equipment Set-Up Underwater 5reathihin Apliratli Coplisnce tetl, Applat us wet.

For Dry Tests, Apparatus i. MllaikLn need vat be iinside tih Not Tooting box
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b. Set up the UBA test equipment 9enerally as
shown in Figure 1. Figure 1 is intended
only as a guideline, and minor modifications
can be expected to accomnodate the particular
apparatus being tested.

c. The UBA should be nlaced on the test manikin
and jocked as nearly per manufacturer's in-
structions as possible. Measure the UBA
position on the manikin in sufficient detail
sn that it can be exactly reproduced.

d. All manikin openings inside the UBA facernask
except the openings to the syringe and pressure
transducer must be closed, and if necessary,
sealed. Leaks may invalidate the test. Leaks
may be checked for by adding 20 cm H2 0 pressure
to the UBA and observing the rate of decay. A
system with a pressure decay of less than 1 cm
11,O per 15 seconds at 20 cm If 0 pressure can
b• considered leak-tight for Vhis case. For
the compliance tests, the gas supplies to the
UBA must be secured, and, if necessary, sealed.
The exhaust valve should be closed as tightly
as possible, and, if necessary, sealed shut.

e. The transducer line to the UBA and the syringe
line must not be the same port.

f. The reference pressure for the transducer may
be any convenient pressure, as long as the
pressure used is recorded. Hydrostatic pressure
at the level of the manikin's 7th cervical ver-
tebra , at the level of the centerline of the
manikin's mouth (as shown in Figure 1) or at any
other appropriate level may be used. The Pro-
ject Officer should determine ahead of time
which reference pressure is to be used. See
EDU Report 19-73 for more information on refer-
ence pressures.

5. Calibration

Calibrate the transducer and transducer indicator

against a water or mercury manometer prior to each major test.

Recheck calibration at the end of the test. The flowmeters

are factory calibrated and should not need calibration unless

there is evidence of damage.

ILI



6. Te3t Conditions and General Procedures

a. Compliance Tests

.) The UOA should be tested first dry, tnen
wet. When tested dry, the UBA will have
essentially the same compliance in all
orientations. When tested wet, it will
exhiibit different compliance character-
istics in different orientations with
respect to the pull of gravity. "ornilly
it will be sufficient to test .-.e L;,'
only in the head-up vertical orirntotion
shown in rigure 1 anr tý.c face-down, hori-
zontal orientation. Eiowever, if ventila-
tion tests (Section TII,C.) are to be run
with the U1A in other orientations, coin-
pliance tests should be performed with tne
UBA in those orientations, as well.

2) Normally tnis test will be performed only
at 0 fsw and room temperature. However,
the Project Cngineer may order additional
test conditions.

3) Secure all gas supplies to the UBA, seal
if necessary. Set the exhaust (pop-off)
valve for mayi.mmm oark-pressure. if
necessary, seal it closed to prevent un-
wanted leaks.

4) With the UBA dry and at zero Ap, add 100
cc air, record the UliA Ap indicated, and
return to zero Ap. Now from the zero Ap
volume again, add 200 cc air, record the
UJBA Ap indicated and return to zero Ap.
Continue this process until the upper
volume limit of the UBA system is reached.
The upper volume limit is that volume
above which small increases in volume re-
quire very large Lp increases. Now proceed
to the lower volume limit in the exact same
fashion: withdrawing 100 cc air from the
zero Ap volume, recording the UBA Ap, re--
tuining to zero Ap, withdrawing 200 cc air,
etc. Repeat two more times. If ycu did
not get reproducible rusults, you have a
major leak somewhere; fix it and try again.

5) Fill the test box with water to a level at
least three inches over the top of the mani-
kin and repeat 4) above.

6) Plot the results as shown in Figure 2.

-Ii-fi I M
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b. Exhaust (Pop-Off) Valve Tes•:s

1) Remove the sealing agents installed in
the exhaus' valve in section III.B.6.a,
if any.

2) Perform thet-e tests with the UBA sub-
merged. With the ex.,aust valve set at
several representative settings, slowly
add gas to the UBA with the syringe. Fur
each setting, note the pressure at which
bubbles first appear from the exhaust
valve.

3) With the appropriate by-pass valve,
admit a steady flow of 0.5 a!:fm to the
UBA, record the pressure level reached.
Repeat with a steady flow of 1.0 acfm.
Do this for each of the exhaust valve
settings used in 2) aDove.

4) Plot the results as sjiown in Figure 3.

c. Diluent Add Valve Tests (Closed Circuit UBA Only)

1) Perform these tests wit~h the UBA submerged.

2) With the syrin.e slowly withdraw gas from
the UBA until the diluent add valve is
heard to open. Repeat several times with
different diluent supply pressures. dIote
any effect of diltuent supply pressure on
the performance of the diluent add valve.
For each test, record the diluent supply
pressure and the pressure at which the
diluent add valve opened.

d. By-Pass ard/or Purge Valve Flow Rates

1) For these tests, remove the water from
the test box and disconnect the breathing
bags or diaphragm. There is a danger of
rupturing the breathing bags or diaphragm
when these tests are performed on the sur-
face.

2) Semi-Closed Circuit UBA Only

a) Record the flow rate and pressure
settings of the metering orifice.

-13-



UBA_ Date

Recorder Depth fsw

UBA, wet .- oz dry.-. Serial No._

183-.. .......... .. . ... ..........

150
1.0 acfm
flow rate

Lp relative
to hydro- 120-
static .. 0.5 iacfm
pressure at - flow rate
exhaust valvc 90
centerline

(cm 1120) 60 cracking

30---

L .i . . . •. . ._ •_ .
02 3 4

Exhaust Valve Setting

(Turns Closed)

Ir

rigure 3. Sample Graph, UA Maximum Pressure Versus E•xhaust
Valve Setting
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b) Depress the by-pass valve fully.
Record the flow rate achieved and
the supply pressure to the UBA. If
the Dy-pass valve draws directly
from the umbilical or bottle gcs
supply (as most do), repeat this
test on a variety oi representati~e
supply pressures.

c) Repeat this test on a variety of gas
mixtures normally used with the UBA
being tested.

3) Closed Circuit UBA Only

a) By hand, depre-s the diluent add
valve fully, and record tne flow
rate and the diluent supply pressure.
Repeat for a full range of representa-
tive diluent supply' pressures.

b) Repeat a) above for tho diluent by-
pass valve.

c) Perform a) and W) above on all
diluent gases normally used with
the UBA undcr t..

d) Repeat a) above for the oxygen by-

pass valve.

7. Data Handling

a. Compliance Tests

All results are to be recorded on a chart
similar to Figure 2. Note that it is the
Project Engineer's responsibility to correct
for errors due tc cohipression or expansion of
the qas in the UBA and manikin plumbina. At
1 ata the error is 1 scc volume/cm d 2 0 pres~ure/
liter of free volume.

b. 'xhaust Valve Tests

Record tile results on a chart -Amilar to
Figure 3.

C. All Otner Tests

Record the data in neat tabular form unless
otherwise directed by the Project Engineer.

-15-



d. For each test run calibration records for
each-Ins-trument calibrated irusE-Fe • ade,
clearl_ annotated, and attaý-oe-'i?-E7 -e-data
generated Ti-• e-• respective instrument
during the runs to which the calibration re-
cord applies. This applies in particular to
instruments that generate written records
such as the strip chart recorders and X-Y
plotter.

e. The Project Engineer or nis representative
s'aould keep a daily log of all significant
events.

-16-



C. Ventilation Tests

I. Background

The pu. ose of these tests is to determine the ven-

tilation characteristics of the UBA when it is in normal work-

ing order and normal working trim. The variaoles of primary

interest are the breathing resistance, inspired PCO, levels,

inspired FO, levels, and, in the case ot semi-closed circuits

UBA's, also tihe liter flow rate.

The breathing pressure data obtained from these tests

should reflect the compliance results of 3ection III.b.

"Mea~suring tne duration of the CO2 azisoroant canister2I
is not a goal of these tests. Canister duration tests should

be run separately as noted in Section III. D. Thie tests out-

lined in this section are designed solely to determine the

ventilation characteristics of the UBA given a properly opera-

ting CO2 absorbant canister.

At this time, the mechanical breathing machine and

related equipment do not have the ability to remove oxygen.

Consequently, the ability of the UBA to maintain a safe P02

level cannot adequately be tested by this method. However,

careful observations of liter fl-w rat-.s in the ca= cf semi-

closed circuit U1I.A' s, and observation of the PO2 sensors in

the case of closed circuit UBA's will give a good indication

of now well the rig will perform when subjected to manned tests.

-17-



2. Quaitities to b( Measured

a. PCO2, levels at the following locations:

U) Inhalation mixing box (inhaled PCO2
level, CO2 #1, Figure 4)

2) Exhalation mixing vox (exhaled PCO2
level, CO2 #2, Figure 4)

3) Exhalation hose (CO2 #3, Figure 4)

4) Inhalation hose (CO2 #4, Figure 4)

5) Any other location(s) selected Dy the
Project Engineer

b. Differential pressures ctiween tne following
locations:

1) Mouthpiece pressure and aydrostatic
pressure at the selected reference point

2) Mouthpiece pressure and the pressure at
the canister inlet port (Figure 4, Lp
Transducer #2)

3) Mioutihpiece pressure and the pressure at
the canister outlet port (Figure 4, Ap
Transducer #3)

4) Any otner locations as directed by the
Project Engineer

c. Temperatures at the following locations:

1) Inhalation mixing box

2) Exhalation mixing box

3) Mlouthpiece or mask, if thermister installed

4) hater bath

dt. Relative humidity of the inspired gas and
expired gas.

!:i:'l•-18-
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3. Quantities to be Controlled

a. Depth

b. Supply over bottom pressure (Gauge #2, Figure 4)

c. E'xhaust (pop-off)valve setting

d. Position of U13A on test manikin

e. Manikin orientation

f. UBA condition: wet

g. Water batih temp:erature

hi. Gas media

i. Um-ilical sizr and lenqth

j. Manikin respiratory parameters

i) CO2 addition rate

2) Breathing rate

3) Tidal volume

4) Volume-time waveform

5) Exhaled gas tchperature and relative
humidity

4. Equipment set-up

a. Specialized equipment required

1) EDU wanikin with double tracheas, one
for inhalation, one for exhalation.
Manikin shci_•d also have provisions for
monitoring the pressure and temperature
inside the mouthrpiece.

2) Porthole blanks with reach rods or flexible
shafts tailored to the UBA to be tested;
one for the exhaust valve, and one for
the by-pass valve (semi-closed circuit
UBA) or the diluent add by-pass (closed
ci.rcuit UBA).

3) Fiowmeters (2) for gas supply line, approxi-
mate sizes, 1 and 8 scfm air at 70'F. and
14.7 )sia with a 600 psig minimum workingpress.Lre Cseii-closed circuit UBA's only).
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4) Differential pressure transducers (3),
approximate range ±5 psid, and associated
signal conditions and recorders.

5) Thermistors and read-out unit.

6) Breathing machine with inhalation and
exhalation mixing chambers,;.

7) At least two CO2 analyzers, one with a
range of 0 to 0.5% by volume, or 0 to 1%
by vclunme; one with a range of 0 to 6%
by volume. CO2 levels, #2 and #3 can be
expected to run between 4 to 6% S.E., CO2
levels #1 and #4 can be expected to run
between 0 to 1% S.E.

b. Set up the equipment generally as shown in
Figure 4. Figure 4 is intended only as a
guide, and mirnor equipment riodifications can
be expected to ac-ommodate tile particular
apparatus under test. Figure 4 shows an umbi-
lical supplied semi-closed circuit UBA. The
set-up for a closed circuit UBA would be iden-
tical except for the gas supply plumbing. Flow-
meteis are not required for closed ci zuit U3A's.

Self-contained UBA's, for this test, should be
supplied from banks rather than from their own
bottles. This test is rather lengthy, with fre-
quent, and sometimes large, depth changes. Con-
sequently, the gas supplies carried in most self-
contained UBA's will be quickly exhausted, re-
sulting in many delays to refill bottles.

c. Determine how much umbilical is appropriate to
the depths to be tested and install it as shown
in Figure 4.

d. One Ap transducer should be set-up to monitor the
pressure differential between the mouthpiece
interior and the hydrostatic pressure at t e
level of the 7th cervical vertibra (chamber
ambient pressure if UBA i& tested dry). Use a
different reference pressure if so directed oy
EDU report 19-73. The otner Ap transducers are
to be set-up as directed by the Project Engineer.
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e. The internal free volume of all inhalation
plumbing components must not be greater than
10 liters. The internal free volume of all
exhalation plumbing components must likewise
be less than 10 liters. The internal free
volume of components used for both inhalation
and exhalation is to be charged against both
10 liter limits. 10 liters free volume is
the most free volume that can be tolerated
without introducing excessive errors due to
pneumatic compliance (gas compressaDility).
See EDU Report 20-73, Section III for more
details.

f. Total meciianical compliance (hose stretcn,
etc.) of the breathing loop plumuing flust
be kept below .05 liter per 20 cm H2 0 pressure
change.

g. Water depth over the top of the manikin should
be at l.east six inches. Water temperature
should De 70 to 800 F.

h. Set up the X-Y plotter so that it makes plots
of mouthpiece pressure versus inspired-expired
volume. Plots of mouthpiece pressure versus
inspiratory-expiratory flow rates may also be
useful.

i. Great attention must be paid to the gas samp-
ling system and the manner in which it is
operated. The CO2 sampling lines should De
sized so that the time required for a gas
sample to travel from the UBA to its appro-
priate analyzer is less than 30 seconds at
the maximum test depth. However, the rate at
which the gas is withdrawn from the UBA must
be carefully monitored. It is very easy to
withdraw so much gas for sampling purposes that
the test becomes compromised. In general,
breathing pressure measurements should not be
made without first securing all of the gas
sample lines.

j. All sampling lines snould have small water
traps, located downstream of the pressure
reduction point.
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k. All breathing loop components should have an
I.D. of not less than 3/4". The lengths of
the noses carrying uni-directional flow are
not critical and may be as long as required so
long as the 10 liter free volume limit in e.
above is observed. The lengths of the hoses
and pipes carrying bi-directional flow are
important and should be kept as short as
possible with reasonarle effort.

1. The output of the Ap transducers must be
continuously recorded. Continuous recording
of the outputs of the CO2 analyzers is highly
recommended. The output of the Ap transdce3r
varies so rapidly with time that it cannot be
read from a panel meter. The outputs of the
CO analyzers will vary enough with time to
maie accurate readings from a panel meter ex-
tremely difficult.

m. Test all equipment for free operation. Test
for leaks. Repair and/or adjust as required.
Leaks in the oas supply system (semi-closed
UBA's only) can invalidate the flow rate data.
Leaks in the oreathing loop plumving can in-
validate the CO, data. The breathing loop
plumbing can be-considered leak tight if, with
the manikin's mouth -elerl n, corked shut, the
system will hold both a 20 cm H 0 pressure and
a 20 cm H 0 vacuum with a pressare (vacuum)
decay ratý_ of less than 1 cm H 0 per 10 seconds
at 20 cm FOO pressure (vacuum).

5. Calibration

a. Calibrate all adjustable instruments immnediately
prior to each major test. Re-check calibrations
at the conclusion of the test.

b. The transducers should be calibrated against
a water or mercury manometer; the thermisters
against 321F. water and room temperature.

c. The flowmeter and gauges normally do not need
Jaily calibration.

d. The CO analyzers should be calibrated against
at lea. t 3 known gases each; full scale, zero
aT -range CO concentrations. If the CO
analyzer calibrations are non-linear, severai
more calibration points and a graphical cali-
bration record will be required.
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e. Calibrate the X-Y plotter axes prior to each
test. Re-check at the conclusion of each
test. The Y-axis should read mouthpiece
pressure; the X-axis, inspired-expired volume.

6. Test Conditions

The test conditions to be covy red will vary with

the appdratus to be tested and with the degree of testing

required. The Project Engineer should determine the conditions

to be tested prior to commencinq the test. Typical conditions

for the complete test of a closed-circuit mixed gas UBA rated

for a maximum service depth of 1000 fsw follow:

a. Umbilicals As required to connect UBA
to test chamrner 02 and He
headers.

b. Supply 3000; 2000, 1000 psig and
Pressures 300 psiob

c. Test Depths 50 fsw increments to 1000 tsw

d. Lxhaust (pop- Fully closed, 1/2 open, fully
off) valve open or as recommended by
setting manufacturer

e. Position of Normally jocked position. Be
UBA on sure this position is known
Manikin in sufficient detail so that

it car, be reproduced exactly.

f. Manikin Face-down horizontal and head-
Orientation up vertical. Other orienta-

tions may also warrant testing.

g. UBA condition Wet

h. Wat.er Bath 700 to 800 F.
Temperature

i. Manikin Respiratory Parameters*

C02Add. Rate .04 X RMV slprn (ex. 1.6 slpm
At 40 lpm RMV)

Breathing 15, 20, and 25 breaths per
Rate minute

* Parameters recommended by EDU Report 19-73
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Tidal Volume 1.5, 2.0, and 2.5 liters per
breath respectively at breath-
ing rates of 15, 20, and 25 bpm

Volume-Time Flattened Sinusoid with an
Waveform exhalation to inhalation time

ratio of 1.1 - 1.0 and a ratio
of peak flow to minute volume
of 2.7

Exhaled Gas 970 ± 20 F.
Temperature

Exhaled Saturated at 970 F.
Relative
Humidity

The test conditions for a semi-closed circuit UBA

rated for 1000 fsw would be similar. The principal differences

would Le the addition of a test condition specifying tne um-

bilical to be used, and the gas mixtures, supply pressures,

and liter flows to be used.

7. General Procedures

a. These tests are normally done only with the
UBA wet.

b. Test all of the conditions of interest on the
surface. Get a feel for effects of pop-off
(exhaust) valve settings 3nd for the effects
of various hreathing bag/diaphragm inflation
levels.

c. eest the UBA under preEsure. Test under the
test conditions desirinztted Dy the Project
Engineer. The best sequence to follow is
usually to do all of the test conditions at
0 fsw, then 50 fsw, etc. on down to maximum
test depth.

d. During descent be very careful not to travel
too fast and pr~uce exessively negative
pressures in the UBA relative to chamber
pressure. This can quickly result in a
flooded rig.
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e. It Is usually best to let the breathing
machine run continuously unless d. above re-
quires that it be secured during descent.

f. During all times when the respiratory load
on the UB-A is being increased (increasing
minute volutne or increasing depth) watch the
mouthpiece Ap transducer output very carefully.
If excessively negative Ap's are observed,
stop or slow down.

g. During ascent from the maximum test depth
repeat 25 to 50% of the test readings taken
during descent. This checks for reproduci-
bility of the data.

h. Maintain each test condition until all values
stabilize. This may take as long as 15 minutes.

i. If canister break-througn occurs (CO.) level #4,
canister return, exceeds 0.5% S.E.),-return to
tne surface obeying g. above, replace the CO
absorbant, return to the depth of ;jreak-tnroagh
and complete the tests desired.

j. Repeat c. and g. above as many times as re-
quired to obtain good confidence in the data.

k. Take care that the amount of gas being drawn
out the gas sample lines does not disturb
conditions in the UBA. It is usually wise to
make the mouthpiece Ap measurements and X-Y
plots with all the sample lines secured.

1. To the extent possible, all emergency breath-
ing *zdas should also De tested. This, how-
ever, will most probably require a separate
test run with somewhat different instrumenta-
tion. If the emergency breathing mask is
open-circuit, demand breathing from an umbi-
lical supply, the emergency breathing mcde is
equivalent to Bandmask diving. See EDU Reports
2-73 and X-74 for procedures and instrumentation
set-ups for testing a Bandmask type system.

8. Data Handling

a. On-line cross checking of data values is
essential for this test. The best cross check
to use is simple CO 2 conservation. There are
two checks that can be used, as follows:

1) PCO, #2 - PCO 2 #1 should equal 4.0% S.E.
± .•% S.E.
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2) The CO. addition rate should equal the
CO2 ditappearance rate.

CO2 in = CO2 out = (PCO2#3-PCO2#4)x(RMV)

+ (PCO 2 #3) x (gas con-

sumption rate)

The first term on the right hand side of
the equation is the rate of CO2 removal
by the CO absorbant canister; the second
is the raie at which CO2 is exhausted out
the exhaust valve. The CO disappearance
rate calculated as above s~ould equal the
CO2 add rate ± ]0%.

b. Record at each test condition all measured
and controlled quantities on a pre-made data
sheet. Carefully annotate all strip record-
ings or other permanent data-records so that
the data can be identified.

c. For each test run, calibration records for
each instrument calibrated must be made,
clea-rl annotated, and attac-T E• te-Idata
generated by each respective instrument durinq
the runs to which the calibration record
applies. This applies in particular to instru-
ments that generate written records such as
the strip chart recorders and the X-Y plotter.

d. Plot the recorded data as d.rected by the
Project Engineer.

e. From the plots of mouthpiece pressure versus
inspir&rl-expired volume made on the X-Y plotter,
calculate the external work of breathing ex-
pended by the manikin. Compare against the
.17 Kg-m/liter ventilation limit proposed by

EDU Report 19-73. If the work of breathing
standards proposed by this repoit are adopted,
a plot of the external work of breathing will
also be required.

f. The Project Engineer or his representative
should keel a daily log of all significant
e vents.
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D). CO2 Absorbent Canister Duration Tests

1. Back±round

The purpose of these tests is to determine the

expected lifetime of the CO2 absorbent canister under all of

the conditions in which the UBA will be expected to operate.

These tests are very similar to those of Section

III. C. The experimental set-up is almost identical. The

principal differences are in the test conditions selected. In

these tests the ventilation conditions in the UBA are held con-

stant (manikin RMV, liter flow, exhaust valve setting, etc.)

and the temperature of the water bath is varied. In Section

III. C. the reverse was true.

Canister lifetinvw tests are extremely time consuming.

Round-the-clock operation should be considered.

2. Quantities to be Measured

The quantities to be measured are the same as those

in Section III. C. 2. except:

a. The tf.mperature of the gas entering and leaving
the C02 absorbent canister must also be measured.

b. Only the mouthpiece Ap transducer (Ap Transducer
#1, Figure 4) is necessary. The others may be
eliminated.

c. The expired gas temperature and humidity are
of critical importance in this test whereas
in Section III. C. 2. they were of secondary
interest.

3. Quantities to be Controlled

The quantities to be controlled are the same as those
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in Section ITI. C. 3, Water bath temperatures, manikin exhaled

gas temperature and relative h~uidity are. however, of critical

importance here whereas in Section III. C. 3. they were of

secondary interest.

4. Equipment Set-Up

a. The reconunended equipment set-up is identical
to that outlined in Section III. C. 4. except:

1) Thermistors must he added to monitor the
temperature of the gas entering and
leaving the CO2 absorbent canister.

2) Lp transducers #2 and #3 may be removed.

b. Precise (-2 0 F) control of the water bath tem-
perature is essential.

5. Calibration

The calibration procedures are the same as thimc-s

outlined in Section III. C. 5.

6. Test Conditions

The test conditions to be covered will vary with the

apparatus to be tested and with the degree of testing required.

The Project Engineer should determine the conditions to be tested

prior to comanencing the test. Typical test conditions for a

complete canister lifetime test follow:

a. Umbilicals As required to connect
the UBA to the chamber
07, He or Mixed Gas
headers as appropriate

b. Supply Pressures 1000 pig or as recoin-
mended by the manufac-
turer

c. Test Lxepths 3 depths representative
of the depth range in
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which the apparatus
is to be used

d. Supply Gas Mixture Use m.xtures represent-
ative to the depths
chosen in c. above

e. Exhaust Valve Setting As recommended by the
manufacturer

f. Position of UBA and Normally jocked position.
mask on manikin Be sure this position is

known in sufficient de-
tail that it can be
exactly reproduced.

g. Manikin Orientation Head-up vertical

h. UBA Condition Wet

i. Water Bath Temperatures 700 F, 600 F, 50 0 F, 40°F,
320 F, additional tem-per-
atures as directed by
Project Engineer

j. Manikin Respiratory Paramreters*

Breathing Rate 25 breaths per minute

Tidal Volume 2.5 liters

Volume-Time Waveform Flattened Sinusoid with
an exhalation to inhal-.
ation time ratio of 1.1/
1.0 and a ratio of peak
flow to minute volume
of 2.7

Exhaled Gas
Temperature 97 ± 20 F

Exhaled Relative
Humidity Saturated at 97 0 F

7. General Procedures

a. The only test conditions which are not constant
throughout are depth and water bath temperature.

*Severe Work Rate Parameters Recommeaded by EDU
Report 19-73.
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The best procedure is usually to test all of
the desired water bath temperatures at 0 fsw,
then go to 100 fsw, etc. on down to the maximum
depth to be tested.

b. Each individual test will consist of running
the canister until )reakthrough at one depth
and one water bath temperature. The-test is
consistred to start when the breathing machine
is turned on. Once turned on, the breathing
machine and C02 add system should not be se-
cured until the test is completed.

c. Run the test until the CO2 level in the canister
return line reaches 2.0% S.E.

d. During these tests, once started. the breathing
machine must run continuously. During descent
evolutions, use the by-pass valve to admit
extra gas if required to maintain a satisfactory
mouthpiece Ap. Watch the mouthpiece Ap very
carefully during descent.

e. Due to the length of time required for each
test, individual test runs are normally/ not
repeated as long as everything worked properly
and the test results are consistent with the
results LjoI tUK uthir canister iifetime test
runs.

f. Take care that the amount of gas being drawn
out the gas sampling lines does not excessively
disturb conditions in the UBA.

8. Data Handling

a. The data handling procedures are essentially
the same as those of Section III. C. 8.

b. The CO cross checking procedures are identical
with tiose of Section III. C. 8. a. As before,
they should be done on-line.

c. The principal purpose of these tests is to
determine the expected canister lifetime as a
function of depth and water temperature. Con-
sequently only the C02 level versus time data
need be plotted separately. Whether or not
other data obtained (UBA gas consumption, mouth-
piece Ap, etc.) is to be plotted is to be deter-
mined by the Project Engineer. The best way to
handle this data will probably be to plot it as
additional data points on the graphs and plots
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made as a result of the tests outlined inSections Illi. B. and I1I. C.
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E. Manned Dives, Subjective Evaluation

1. Background

Definitive manned testing of the UBA for ventilation

adequacy will be accomplished under section III. F., Physiological

Testing.

This section is concerned with essentially sub-

jective tests to obtain a rough measure of the comfort, human

engineering and mobility of the UBA. To determine those qualities

accurately requires a rather large program of manned tests con-

sidered to be outside the scope of this evaluation. The tests

outlined below can be accomplished quickly and relatively easily.

They will provide an indication of the UBA mobility, human engin-

eering (are the controls easy to operate, etc.) and comfort

which should be sufficient to point out any reully serious

troubles that must be addressed before larger scale manned tests

such as Techeval/Opeval are undertaken.

The instrumentation recommended in this section is

relatively sparse. This is so not because of design, but rather

due to the difficulty in making measurements on a diver who is

free to move about as he chooses in a relatively large body of

water.

2. Pool Tests

a. The tests will be conducted at the NDW
Swimming Pool, although any suitable pool
may be used.

b. The purpose of these tests is to achieve a
reasonable estimation of the apparatus comfort,
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human engineering, and mobility when swimming
in essentially open water.

WARNING!

DURING ALL POOl, SWIMS THERE MUST BE ON SAFETY
DIVER OUTFITTED III EITHER SNORKEL OR SCUBA GEAR
WITH EACH TEST DIVER.

c. The UBA pre-dive and post-dive check-outs are
to be performed as required for the UBA under
test.

d. Static tests

1) Lying face cd-wn on the bottom, observe
the hydrostatic breathing resistance,
buoyancy, and torque characteristics.

2) Lying face up on the bottom, make the same
nbservations.

3) Standing completely submerged, make the
same observations.

4) Try to attain neutLal buoyancy at mid-depth
without swimming in each of the following
positions: (a) vertical, head down, (b)
vertical, head up, (c) horizontal, face
down, and (d) horizontal, face up.

5) As each subject completes the sequence,
record his comments and recommendations
immediatey.

e. Swimming tests

1) Have each of four subjects swim 8 laps of
the pool at an average speed of 0.8 knots
(2½ minutes per lap at NDW Pool.

2) Instruct the subject to observe the following
factors during the test:

aa. general comfort of the apparatus

bb. general fit of the harness

cc. general swimmability

dd. specific buoyancy characteristics
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ee. specific torque characteristics

3) As each subject completes his swim, re-
cord his comments and recommendations
immediately. Use the Diver Equipment
ýFialysis questionaire contained in Appendix
A or its egu~valent.

f. Instrumentation for pool tests

The pool test swins will normally be conducted

with u.-instrumented apparatus. However, where applicable,

bottle pressures pre- and post-swim, liter flows, etc. should be

recorded. All apparatus malfinctions must be recorded.

3. Chamber Swims

a. Purpose

The purposes of these tests are to:

1) Obtain a reasonable estimation of the
comfort, human engineering and mobility
of the UBA when it is used at its normal
operating depths.

2) Obtain some confirmation of the breathing
machine test data gathered under Section
III. C.

b. Quantities to be Measured

1) UBA gas comsumption rate

aa. In semi-closed circuit UBA, measure
liter flow

bb. In closed circuit UBA, measure
bottle pressure drops

2) Inspired PCO2 level
I2

3) Inspired P02 level

4) Mouthpiece Ap rclative to hydrostatic
pressure at the 7th cervical vertebrate.
If a different reference pressure was used
in Section III. C., then use that reference

pressure instead.
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5) Inspired gas temperature (if appropriate)

6) UBA exhaust valve positions selected by
the divers (if valve adjustable)

C. Quantities to be Controlled

1) Depth

2) Diver work tasks

3) Wetpot temperature

4) Supply o-erbottom pressure (umbilical
supplies UBA only)

5) Gas media

d. Equipment Set-Up

1) Specialized equipment required

aa. Flowmeters, approximate sizes, 1
and 8 scfm air at 70°F and 14.7 psia
with a 600 psig minimum working
pressure (required for umbilical
supplied semi-closed circuit UBA only)

bb. Differential pressure transducers,
approximate range ±5 psid, and
associated signal conditions and
recorders

cc. Thermistors and read-out unit

dd. CO 2 analyser, 0 to 1.0% by volume
range with recorders

ee. Oxygen analyser, 0 to 25; by volume
range, with recorders

2) Set up the test equipment generally as
shown in Figure 5. Figure 5 is intended
only as a guide, and minor equipment inodi-
fications can be expected to accommodate
the particular apparatus under test.

3) Regular umbilicals are not neccssary for
these tests. Any suitable leader hoses
will do.

4) All gas sampling lines should have water
traps, downstream of the pressure reducing
valves.
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5) The outputs of the 02 and CO2 analysers
should be continuously recorded. The out-
put of the Ap transducer must be continu-
ously recorded. Hand recordings of the
Ap, 02 and CO2 values every 5 minutes, as
is commonly done, are of little value due
to often rapidly changing values.

6) The sample gas flow rates to the 02 and
CO 2 analysers must be kept as low as
possible consistant with an acceptable
lag time in the instrument response. Too
high sample flow rates will affect the
breathing performance of the UBA. In
self-contained apparatus, too high flow
rates will also quickly exhaust the gas
supply. Too low sample flow rates or
excessively long and/or large sample lines
will cause the analyser response to be
several minutes behind the actual 02 and
CO2 levels in the UBA.

e. Calibration

1) Calibrate all adjustable instruments
immediately prior to each major test.
Re-check calibrations at the conclusion
of the test.

2) The 8p transducers should be calibrated
against a water or mercury manometer; the
thermistors against 320 F water and room
temperature.

3) The flowmeter and gauges normally do not
need daily calibration.

4) All gas analysis instrutments should be
calibrated against at least 3 known gases
each: full scale, zero an4 mid-range
concentrations. If the analysers, es-
pecially the CO analysers, are non-linear,
several more cafibration points and a
graphical calibration record is required.

f. Test Conditions

The test conditions to be covered will vary

with the apparatus to be tested and with the degree of testing
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required. The Project Engineer should determine the conditions

to be tested prior to commencing the test.

It is not possible to predict what test con-

ditioiis should be used. The following guidelines however should

be followed:

Depth At least 5 depths rep-
resentative of the depth
xange in which the UBA
is to be used

Supply Pressure As recommended by oper-
Supply Gas ations manual for UBA
Liter Flow under test
Wetpot Temperature 70 or above (due to

wetpot steel NDT con-
siderat ions)

Diver Work Tasks See Section III. E. 4.
g. 3)

g1 General Procedures

1) For a reasonably thorough subjective
evaluation at least 5 dives should be made
to each depth. Always use divers who have
had sufficient exposure in the UBA so that
they fee] familiar with its controls.

2) Normal U.S. Navy diving procedures are to
be followed.

3) The normal work routine while the divers
are on the bottom consists of 10 minute
periods of "moderate" work separated by
5 minute rest periods. Normally two divers
are used and they alternate work tasks
between lifting a 70-pound weight (78 lbs
dry) a distance of 2½ feet 10 times per
minute and swimming against a trapeze de-
signed to exert a steady backward force of
6.0 lbs. For an average diver, exerting
a stationary swimming force of 6.0 lbs.
produces an oxygen demand of approximately
1.26 standard liters per minute (4). This
is equivalent to a respiratory minute vol-
ume of approximately 30 liters per minute
(5) or to swinuming in SCUBA at a steady
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speed of approximately 0.8 knots (4)(5).
An oxygen demand of 1.26 slpm results in
a CO 2 production of about 1.13 slpm (6).

When possible, short periods of heavy and
severe work should also be used. These
can be effected by increasing the trapeze
force to 10 and 12 lbs. respectively.
Swimming against a 10 lb. stationary force
is roughly equivalent to swimming at a
speed of 1.0 knots. It can be expected to
produce an oxygen consumption of 1.9 slpm,
an RMV of 48 1pm, and a CO; production rate
of 1.8 slpm (4)(5)(6). Swimming against a
12 lb. stationary force is roughly equiva-
lent to swimming at a speed of 1.3 knots.
Tiis represents maximal effort and it can
be expected to produce an oxygen consumption
of about 3.0 slpm, an RMV of about 70 1pm
and a CO2 production rate of about 2.9 slpm
(4) (5) (6 . It can also be expected to very
quickly produce very tired divers. In
general the heavy and severe work loads
should be held to not more than 5 minutes
duration.

4) At the conclusion of each dive, the diver
should fill out the applicable portions of
the Diver Equipment Subjective Analysis
Questionnaire reproduced in Appendix A or
its equivalent.

h. Data Handling

1) Record at each test condition all measured

and controlled quantities on a pre-made data
sheet. Carefully annotate all strip chart
recordings or other permanent data records
so that the data can be identified.

2) Compare the CO 2 levels and mouthpiece
differential pressures measured to the
results of Section III. C.

3) Tabulate and/or plot the data obtained as
directed by the Project Engineer. There
is usuaLly sufficient variability in the
data from these dives to make concise
plotting difficult.

4) The Project Engineer or his representative
should keep a daily log of all significant
events.
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5) For each day's rest dives, calibration
records must be made, clearly annotated
and attached tc the data generated by
each respective instrument during the
runs to which the calibration record
applies.

I
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F. Manned Dives, Physiological Testing

1. Background

The purpose of these tests is to determine quanti-

tatively the ability of the apparatus under test to support the

physiologic and respiratory requirements of a diver at hard

work. The tests are normally conducted by the EDU Medical

Department.

The procedures and equipment used for these tests

are still being refined. A detailed protocol coverirg these

tests is expected to be published by the EDU Medical Department

sometime in the second quarter of CY 1974.
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IV. INSTRUMENT SPECIFICATIONS

MinimumType Frequencyinstrument Normallv Used Accuracy Response
Flowmeters Variable Area +2% of full scale 0.5 Hz
AP Transducers Variable Reluctance +1/2% of full scale 200 Hz
Transducer Meters +1% of full scale 1 Hz

Indicators

Oxygen Analyzers Paramagnetic +0.5% by volume 0.1 Hz
C02 Analyzers Non-dispersive +1% cf full scale I Hz

Infrared
Thermistors Thermocouple +10 F 0.1 Hz
Relative Humidity -- +3% 0.1 Hz

Instruments

Pressure Gauges Bourdon Tube +1/4% of full scale 0.5 Hz
Strip Chart Electric, +1% of full scale 40 HzRecorders Oscillographic -n I .&.. - - at full c-h.3rt

width

X-Y Plotter +1% of full scale maximum

slewing
speed =
40 in/sec

max irrum
acceleration
1400 in/sec 2

in X direction,2000 in/see 2

in Y direction
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DIVER EQUIPMENT
SUBJECTIVE ANALYS IS

DIVERS NAME DATE

LOCATION ........ _DEPTH TIME ___•

EQUIPMENT SET-UP

MANUFACTURER MODEL

TYPE RIG __GAS USED %026 %NO % He

SUPPLY-PRESSURE BEFORE AFTER

REGULATOR PRESSURE BEFORE AFTER

ORIFICE SIZE -LITER FLOW BEFORE AFTER

.HELMETS AND MASK }-

1. WHAT INLET AND EXHAUST SETTINGS DID YOU FIND COMFORTABLE
WHILE WORKING AND WHILE STANDING AT REST? EXPRESS
VALVE SETTINGS AS THE NUMBER OF TURNS OPEN OR CLOSED.

(example: inlet 2 1/4 turns open).

INLET EXHAUST

WRK

REST

TYPE OF WRK

47 Preceding page blank
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2. RATE AND COMMENT ON THE INHALATION RESISTANCE OF THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

3. RATE AND COMMENT ON THE EXHALATION RESISTANCE OF THE HELMET/MASK,I I

dimngerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

4. RATE AND COMMENT ON THE EASE OF DONNING THE HELMET/MASK AND ITS

ACCESSORIES.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

5. RATE AND COMMENT ON THE HELMET/MASK WEIGHT OUT OF THE WATER.

II I A-
dangerous acceptable excellent not

to life for fleet feature observed
use impossible

to improve
on

6. RATE AND COMMENT ON THE HELMET/MASK BUOYANCY IN THE WATER,

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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7. RATE AND COMMENT ON THE FIT AND COMFORT OF THE HELMET/MASK.

_ _ _ _ _ _I _ _

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

8. RATE AND COMMENT ON THE NOISE LEVEL IN THL HELMET.

I I i--i

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

9. RATE AND COMMENT ON THE ADEQUACY OF THE COMM4UNICATIONS IN THE
HELMET/MASK.

V-i
dangerous acceptable excellent not

to life for fleet feature observed
use impossible

to improve
on

10. RATE AND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

dan%:erous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

11. RATE AND COMM4ENT ON THE VISIBILITY FROM THE HELMET/MASK.

I I

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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12. RATE AND COM'M1ENT ON T1i1i: 1'ASE OF CLEARING WATER FROM THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

13. RATE AND COMMENT ON THE HELMET/MASK TORQUE.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

14. WHAT IS YOUR OVER ALL EVALUATION OF THE HELMET/MASK.

dangerous acceptable excellent not
to life for fleet feature observed

usQ imp(s ible
to improve

on

BREATHING APPARATUS

15. RATE AND COMMENT ON THE WEIGHT OF THE APPARATUS OUT OF THE WATER.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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16. RATE AND COMMENT ON THE BUOYANCY OF' THE APPARATUS IN THE WATER.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

17. RATE AND COMMENT ON THE ACCESSIBILITY AND OPERATION OF CONTROL VALVES.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to imorove

on

18. RATE AND COMMENT ON THE SWIMMABILITY OF THE APPARATUS.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

19. RATE AND COMMENT ON THE APPARATUS TORQUE.

dangerouF acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

20. RATE AND COMMENT ON THE INHALATION EREATHING RESISTANCE.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on
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21. RATE AND COMMENT ON THE EXHALATION BREATHING RESISTANCE.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to improve

on

22. WHAT IS YOUR OVERALL EVALUATION OF THE APPARATUS.

dangerous acceptable excellent not
to life for fleet feature observed

use impossible
to impp:ove

on
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